Historically, biotechnological processes have been applied to manage biodegradable waste materials mainly by composting and anaerobic treatment, with the ultimate goals of waste stabilization, elimination of pathogens and volume reduction. The recovery of energy and/or valuable materials has been an important side benefit as well. Composting technologies have evolved from almost rudimentary and simple techniques to a more complex and effective level, including specific reactor design, aeration, water and nutrients supply controls, and odour treatment. In particular, composting has been used to treat so-called 'dry biodegradable wastes' with a water content of less than 60%. Here, standard composting processes yield a humus-like final product which can be used as soil amendment in agricultural or silvicultural systems depending on the quality of the product. Compost can also have a fertilizer value if the organic waste feedstock contains sufficient nitrogen.
Anaerobic treatment of biodegradable wastes has been and is still a very common technology mainly used for treating so called 'wet biodegradable wastes' such as sludge of various origins with water content higher than 60%. Here the final product is a digestate that could be applied on agricultural land, and a biogas rich in methane that is normally used as a source of thermal energy and/or electricity production.
In addition, during the past 20 years, mechanical biological treatment (MBT) of waste has become more widespread, particularly in countries that have imposed a ban on disposal of organic wastes to reduce the load on landfills and to incentivize recovery of carbon and/or energy from the waste. In such cases, mechanical separation of the light fraction (typically having a relatively high heating value) coupled with the aerobic biological treatment of the heavy (biodegradable) fraction is aimed at optimizing materials and energy recovery and minimizing if not eliminating the need for landfill disposal of this waste stream.
It is clear that expansion of biodegradable waste management technologies in the future will depend on the availability and price of energy. Moreover, the use of increasing amounts of energy for advanced waste treatment may also lead to extended consumption of fossil fuels and elevated CO 2 emissions. Therefore, the main issue is how much residue could be discharged into air, as well as into soil and aquatic environments or disposed of in a landfill after treating a specific waste stream. In this regard, there is sufficient literature on energy-efficient biotechnological processes applied to the treatment of solid waste. However, it may take more time to process this waste stream to achieve the prevailing regulatory quality standards. Taking these facts into account, it is likely that researchers in coming years will focus on the role of specific micro-organisms and enzymes to enhance bioremediation applications (as recently described in a research report from North Carolina State University showing that one species of microbe, Methanosarcina barkeri, is paving the way for other methane producers in landfills). Specific micro-organisms should be isolated, selected, mutated and genetically engineered for enhancing their bioremediation capabilities including their capability to degrade specific recalcitrant pollutants, and to achieve higher degradation rates. Biotechnological processes probably will play a key role in the fields of landfill cover design for methane bioconversion into carbon dioxide, gaseous effluents treatment, and bioremediation of contaminated soils.
The design of landfill covers that include specific organic materials for the biological conversion of methane into carbon dioxide has been successfully demonstrated and implemented at different scales over the last two decades. Here, the selection of cover materials, pore structure, moisture content, and the microbial communities involved in this bioconversion process are the main topics to be researched in the near future.
The treatment of gaseous effluents may be focused on the removal of specific compounds including hydrogen sulfide, ammonia, volatile organic compounds (VOCs) and carbon dioxide (CO 2 ). The use of biotechnological processes, particularly bio-scrubbers in sulfur removal from gas streams has already been applied at the industrial scale in hydrogen-sulfide removal from biogas, while in pulp and paper mills the reduction of total reduced sulfur (TRS) compounds emissions is still being researched and tested at the pilot-scale level. VOCs and ammonia emissions, particularly from MBT facilities and the fish meal industry, are being treated in biofilters; however, there is significant room for improvement and enhancement in this field, especially regarding filter materials to be used, specific pollutants to be removed, and microbial communities involved in such processes. Most interesting is the case of CO 2 capture from waste streams at facilities such as power stations, cement plants, and incinerators. Biotechnological processes involving microalgae will most probably play a very important role in these situations. In fact, micro-algae are able to fix about 3 tonnes of CO 2 per tonne of produced dry micro-algae, simultaneously producing lipids, hydrocarbons and other bio-products of possible commercial application. Companies such as Solix and PetroAlgae in the USA have already started industrial applications in this field. In addition, micro-algae are able to use the nutrients (N and P) present in residual wastewater streams, suggesting that micro-algae biomass growth can play a key role in nutrients recycling as well as CO 2 capture from industrial gaseous effluents.
As originally developed, biotechnology entailed the application of micro-organisms for the degradation of pathogenic and other unwanted organics in water and wastewater. Biotechnology has evolved and expanded into the practice of bioremediation through which both organic and inorganic compounds, including heavy metals, are removed from contaminated soils and waters. In Europe and the USA, the most common organic pollutants are mineral oil alkanes, monoaromatic hydrocarbons (BTEX), polyaromatic hydrocarbons (PAH), chlorinated hydrocarbons (CHC) and phenols. These groups of chemicals make up more than 50% of the contaminants typically found in wastewater and drinking water sources. Bioremediation can offer the significant economic advantage of in situ treatment, precluding the need to excavate and transport soils to an off-site treatment plant that typically uses more costly chemical or physical treatment technologies. Micro-organisms, particularly bacteria, harbour enormous metabolic diversity allowing them to utilize even complex chemicals such as those containing carbon and other energy sources. Furthermore, their ability to undergo rapid genetic evolution also enhances the possibility to acquire new metabolic potential for degradation of xenobiotic chemicals.
Two strategies are common in the field of in situ bioremediation: sites contaminated with easily degradable organic pollutants such as BTEX, PAH, phenols or mineral oil alkanes are treated by bio-stimulation of the indigenous microbiota present in a soil, surface or groundwater habitat. This is regularly done by adding nitrogen and phosphorous fertilizers and easily degradable carbon sources in order to enhance the growth of the micro-organisms capable of degrading the pollutants. In addition, electron acceptors such as oxygen or nitrate can be provided to stimulate the microbial processes. Only in the case of sites contaminated with persistent or toxic pollutants such as highly chlorinated organic compounds or persistent organic pollutants, the addition of previously cultivated special degraders, the so-called bio-augmentation is applied both in in situ treatment processes and/or off-site bioremediation plants. In bio-augmentation the need for an addition of genetically modified organisms (GMO) is no issue for running processes, but is the subject of intense research for the biodegradation of very recalcitrant organic pollutants as well as the immobilization or removal of heavy metals in highly contaminated sites.
Waste Management & Research serves as a forum for exchanging research expertise and scientific ideas supporting the development and application of novel biotechnological processes used in industrial waste management. In doing so, Waste Management & Research will particularly focus on biotechnological processes with lower energy demand, increased performance and shorter processing times with simultaneous achievement of the quality standards needed for final waste management.
